The bones in vertebrate limb are connected to each other by synovial joints, which are among the most important structures that give us many complex motor abilities. Degenerative joint diseases, such as arthritis, cause loss of normal joint functioning and affect over 40 million people in the USA and approximately 350 million people worldwide. Understanding how to regenerate a joint will be a valuable tool for regenerative medicine in order to find long-term solutions to these joint-related disabilities.
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Here, we utilize the developing elbow joint of chicken (Gallus gallus) embryo as a model system in order to study the synovial joint regeneration. We developed two methods for removing the prospective elbow tissue: 1) Window excision (WE), where a block of tissue that contains the prospective elbow is excised, leaving a window with strips of anterior and posterior tissue holding the limb together; 2) Slice amputation (SA), where the same area containing the elbow tissue is sliced out and the distal piece of the limb is pinned back to stump. Interestingly, if the elbow tissue is removed via WE, limbs are able to partially regenerate the joint, but they cannot regenerate in case of SA. In the literature, there are examples of regeneration systems, such as the Mexican salamander limb regeneration, where the regeneration response recapitulates the developmental mechanisms of that organ. In order to understand whether there is a recapitulation of development or whether a different mechanism for remaking the joint tissue is followed in our model, we performed an extensive in situ hybridization analysis on sections at different time points after the WE and SA surgeries. The limbs were fixed at 18, 48, 60 and 72 hours after the surgeries. GDF-5 and Autotaxin (ATX), which are expressed at joint interzone, were used as developing joint markers, Sox-9 and Col-9 were used as developing cartilage markers. Sox-9 lays down the bauplan for developing skeleton and transcriptionally activates Col-9 expression. Col-9 becomes downregulated at the joint, as joint development progresses. Our analysis indicates that, after the wound healing is completed (around 18-24 hours after the surgery), GDF-5 and ATX start being re-expressed in 86% and 100% of the WE samples, respectively by 60 hours after the surgery. By 72 hours after the surgery, a joint-like structure can be observed. In contrast, 37.5% and 50% of SA show expression of GDF-5 and ATX. Also, they show fusion of cartilage elements instead of regenerating joint tissue. The fusion is indicated by the presence of a continuous Col-9 expression in SA whereas it became downregulated in almost 60% of the WE samples. The order and pattern of gene expression in regenerating samples of WE is similar to the developmental program.
By further analyzing this model the conditions and the cell types required for joint regeneration can be identified. This knowledge can enable us to design new therapeutic treatments for joint loss or diseases.
